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(54) Ink-jet recording material containing ultraviolet ray-absorber 

(57) An ink jet recording material having an excel- 
lent ink absorbing property and capable of recording ink 
images with superior gloss, water resistance and light 
resistance has an outermost ink receiving layer formed 
on a support and containing (1) fine pigment particles 
selected from amorphous silica secondary particles and 
alumina silicate secondary particles which have an 
average secondary particle size of 10 to 300 nm and in 
each of which a plurality of primary particles having an 
average primary particle size of 3 to 40 nm are agglom- 
erated with each other, (2) an ultraviolet ray absorber 
and, optionally, (3) an antioxidant. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field ot the Invention 
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resistances 
. Description ot the Related Art 



2 Description ui u»c ■ 'co^v — 

fastness cannot be always selected at the present time. having an enhanced ink 

EST ^"recording paper sheets tor the ink jet ^ d ^ ^^^ f sheet with a porous pigment are 
LTorption and a coated paper prepared by coatmg J^^J^SCoK that when the ink images recorded 
Sely available. However, these conventional paper she ars d^anu g sign Hicantly faded. Also, the 

i^££*on- recording * tow ^ ^ ^[^Z 
conventional paper sheets are mostly ^ aW ' te 'f'^^ requirements for an improved quahty of colored 

PlHapanese Unexamined Patent Publ.cafons Na 57^988 and Na ^ ^ Ja ^ 

mo 4 201 594 it is known that ultraf ine partides of ^ ns *^i^ 0 n^r,ong period. This type of the record- 
poVthe inh^on effect of the ultraviolet ^.^^^^^4 layer is opaque^ anc l a h,gh 
fna material exhibits a certain improvement .n light reastance ;™^ e ' h w resistanc e cannot be obtamed^ 
SJT high color density of colored images, a ^^J^ having a particle size in the order of 
ThSsprobably because of the ink receiv.ng '^J 0 ™^™ P ' l^oixi images and a high water resistance to the 
He a. Smeters. To impart a high gloss, a Reported that a support can be coated 

fnk receMng layer, Japanese Unexamined Patent P^*°" N °^nq a mixture ot an ultraviolet ray absorber or an 
^thTuSne pseudoboehmite so. porous ink recervmg \^rc«mu mort ^ and 

Sdamw^ quencher. However, -^S2SSSK I unsure for high resolving power i^ .et 
,ow ink-absorbing velocity, the f^^t^SSa na dSred color density of colored images, and .s unappropnate 
printers in which a large amount of ink rs jetted to photograph-like colored images, 

as a recording medium having a high gloss capable of recording^ P™*ap ^ materjals nign 

SSSJT The inventors of the present i nventon ha ** a ^*^^^ pigment secondary col.o,d par- 

^s a high color density of colored images and « "^^^ „ nsistin g essentially of a plurality , of primary 
£es having an average secondary part.cle s.ze of 10 to : 300 ™ ea ^ with each oth er (EP-A-803374) The 

ptrtfderhaving an average primary particle s«eof3 to 40 nm anc js ^ to the above-ment-oned 
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[0007] The above-mentioned object can be attained by the ink jet recording material of the present invention which 
comprises a support and a one or more ink-receiving layers formed on the support, wherein at least one of the ink 
receiving layers comprises: 

s (1) fine colloid pigment particles selected from fine colloid amorphous silica secondary particles and fine colloid 

alumina silicate secondary particles having an average secondary particle size of 10 to 300 nm and each consist- 
ing essentially of a plurality of primary particles having an average primary particle size of 3 to 40 nm and agglom- 
erated with each other; and 
(2) an ultraviolet ray-absorber. 

w 

[0008] The above-mentioned ink receiving layer containing the fine colloid amorphous silica and/or alumina silicate 
particles and the ultraviolet ray absorber enables the colored images recorded on the resultant ink jet recording material 
to exhibit excellent color density, gloss, water resistance and light resistance. In a preferable embodiment of the present 
invention, the ink receiving layer containing the fine colloid amorphous silica and/or alumina silicate particles and the 
15 ultraviolet ray absorber further comprises an antioxidant. 

[0009] The antioxidant contributes to enhancing the light resistance of the colored images recorded on the resultant 
ink receiving layer. 

[0010] In the ink jet recording material of the present invention, the ink receiving layer preferably contains a cationic 
compound which contributes to fixing an anionic dye contained in the ink and to enhancing the water resistance and 

20 long term storage stability of the printed colored images. 

[001 1] Also, when the ultraviolet ray absorber comprises at least one member selected from organic ultraviolet ray- 
absorbing compounds, for example, benzotriazole compounds and inorganic ultraviolet ray-absorbing compounds, for 
example, zinc oxide, titanium dioxide, yttrium oxide and cerium oxide, the resultant ink receiving layer exhibit a signifi- 
cantly enhanced light resistance of colored images recorded thereon. Also, the above-mentioned ultraviolet ray absorb- 

25 ing compounds have a relatively good compatibility with the amorphous silica and alumina silicate particles. Therefore, 
a coating liquid containing the above-mentioned ultraviolet ray-absorbing compounds can be easily coated on a support 
to form an ink receiving layer. 

[001 2] In the ink jet recording material of the present invention, the ultraviolet ray absorber is preferably in the form of 
fine particles having an average particle size of, for example, 500 nm or less. The ultraviolet ray absorber may be pul- 
30 verized together with the silica and/or alumina silicate. When the ultraviolet ray absorber particles having the above- 
mentioned particle size are used, the resultant ink receiving layer can exhibit a high gloss, color density, water resist- 
ance and light resistance of the recorded colored images, without decreasing the transparency of the ink receiving 
layer. 

35 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[001 3] In the ink jet recording material of the present invention, the support is not limited to specific materials and thus 
may be formed from a transparent material or an opaque material. For example, the substrate preferably comprises a 
regenerated cellulose film, a plastic film, for example, polyethylene, polypropylene, soft polyvinyl chloride, hard polyvinyl 
40 chloride, or polyester film; a paper sheet, for example, a wood-free paper, a coated paper, an art paper, a cast-coated 
paper, a foil-laminated paper, a kraft paper, a polyethylene film-laminated paper, a resin-impregnated paper, a metal- 
ized paper or a water-soluble paper sheet; a metal foil; or a synthetic paper sheet. 

[0014] The ink jet recording material of the present invention has one or more ink receiving layers formed on the sup- 
port, and at least one of the ink receiving layers comprises: 

45 

(1) fine colloid pigment particles selected from fine colloid amorphous silica secondary particles and fine colloid 
alumina silicate secondary particles having an average secondary particle size of 10 to 300 nm and each consist- 
ing essentially of a plurality of primary particles having an average primary particle size of 3 to 40 nm and agglom- 
erated with each other; and 
so (2) an ultraviolet ray absorber. 

[001 5] In the present invention, when the fine colloid pigment secondary particles have an average secondary particle 
size of 10 to 500 nm. the resultant ink receiving layer has a higher gloss than that of a conventional ink receiving layer 
containing pigment particles with a particle size in the order of urn. 
55 [0016] The ultrafine colloid amorphous silica and alumina silicate recording particles have a secondary particle size 
of 10 to 300 nm preferably 20 to 200 nm, and each consist essentially of a plurality of primary particles agglomerated 
with each other and having an average primary particle size of 3 to 40 nm, preferably 5 to 30 nm. When the primary 
particle size is too small, the resultant ink receiving layer exhibits an unsatisfactory ink absorbing property. Also, when 
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the primary partite - is too large. *e result ™g . jj 

printed colored images have an unsatisfactory «££^ , jT£ l 2£i cJcTs may be formed in the ink recerving 
ink receiving layer exhibits a poor ^^^ZTtm!!^ ink receiving layer has a roughened surface and 
layer. Also, when the secondary parties s* £ £ gjv Serial. To obtain the secondary particles having an 
it becomes difficult to obtain a high '9'oss on^e ,nk et jwj^j^ conventional tra de amorphous silica and/or 
average secondary particle size of 10 to 300 nm or aJJjwM s ^ ^ by appIying a strong 

alumina silicate p.gment particles having t^*"^™^^ method in which a materia, in the form of 
shearing force thereto by mechan.cal means, for example a .^"9 n0 mogenizers. pressure-type homogen.z- 
fumps is 9 f ine.y divided. The mechanical pu.venzmg ^J^^^S^. med ium-stirring mi.ls. jet mills. 

(0017] Thefine alumina silicate particle, .« rtn. ^^^Z^luls (i 2 D 3 ) segments and silica 

the present invention. n.epared from aluminum alkoxide, silicon alkoxide and an 

smaller particles by. tor example, the above-merrton^ met^ ises , in addition to the uftraf ine amorphous 

[002 0] The ink £e ink-absorbing property of the ink recerving 

silica and/or alumina silicate particles, other trace p >v affected. 

layer unless the smoothness and transparency of the ink | iaye sj|jcate different from 

55? The additional pigment includes, kaolin, clay, calcined cfcy. zinc 

specific ultraf ine amorphous silica and alumina silicate PJ^TjJJy, pseudoboehm.te. calcium carbonate, satin 
Side, tin oxides, magnesium sulfate. •'^^'^jS'S^ magnesium oxide and diatomaceous 
white, aluminum silicate, smectite, magnesium silicate. ™9neaum urea . for maldehyde resin pigments and 

phenone compounds, for example ' ^^^SSST 2 VZ yd7ox y -4-methoxybenzophenone. 2.2-d.hy- 
octoxybenzophenone. ultravio.et ray-absorbing benzo- 

droxyA^imethoxybenzophenon^ a-^hydroxy-S-tert- 
triazofe compounds. for examp * Jj^StoL^e, 2 - (2 --hydroxy-3-.5^d.-tert- 
butylphenyl)benzotriazole. 2-(2'-hydroxy-3 -^uty'-S ^jSbenzotriazole. 2-t2-hydroxy- 3 --(3".4",5".6"-tetra- 
butylphenyl)benzotriazole. 2-(2-hydroxy-3',5 -d.-ter J^J^X^^ 

ris^rrrx^ seek sr- -£ « — ~~ — - - 

rMMrt ink ,ec.e*H> layer 10 e*r*it an ""^JV""^,, tiansito , tot example, cerium oxide, zinc 

Jt^SME^ - - — — — — " 

Let tay abscrting benzolriazole compounds afa preferably used Also, » 
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enhanced water resistance, the transition metal oxides are prepared as the ultraviolet ray absorber. Particularly, cerium 
oxides exhibit an excellent ultraviolet ray absorption, and can be obtained in the form of fine particles having a particle 
size of 20 nm or less, particularly 10 nm or less, and thus an excellent transparency. Also, cerium oxides include cationic 
oxides. Therefore, cerium oxides are advantageously used for the present invention. 
5 [0026] A trade cerium oxide is available under a trademark of Needral, made by TAKI CHEMICAL CO., LTD. and has 
a particle size of 8 nm or less. A trade cationic cerium oxide is available under a trademark of U-15, made from TAKI 
CHEMICAL CO., LTD. 

[0027] The above-mentioned organic and inorganic ultraviolet ray-absorbing compounds may be used alone or in a 
mixture of two or more thereof, for the present invention. 

w [0028] Where the ultraviolet ray absorber is in the state of a liquid, the liquid ultraviolet ray absorber per se can be 
mixed into a coating liquid for the ink receiving layer For example, 2-hydroxy-4-methoxy-benzophenone (available 
under the trademark of SEESORB 101, made by SHIRAISHI CALCIUM CO.) is soluble in water, and 2-(2-hydroxy-5- 
methylphenyl)benzotriazole (available under trademark of JF-77, made by JOHOKU CHEMICAL CO., LTD. or of SEE- 
SORB 701 , made by SHIRAISHI CALCIUM CO.. LTD.) is soluble in water at a high pH value. Of the inorganic ultraviolet 

is ray absorbers, cerium acetate is soluble in water. Other ultraviolet ray absorbing compounds are mostly insoluble in 
water. When is insoluble in water, the ultraviolet ray absorber particles in the form of a powder or suspension (emulsion) 
is preferably controlled to an average particle size of 500 nm or less not to affect the transparency and smoothness of 
the ink receiving layer. There is no specific lower limit to the average particle size of the ultraviolet ray absorber. Usually, 
the average particle size can be decreased to about 1 nm. To control the average particle size of the ultraviolet ray 

20 absorber particles to 500 nm or less, the above-mentioned pulverizing method, for example, the breaking-down 
method, can be utilized. 

[0029] There is no specific limitation to the content of the ultraviolet ray absorber in the ink receiving layer. Preferably, 
the ultraviolet ray absorber is contained in an amount of about 0.5 to about 25 parts by weight per 100 parts of the total 
amount of the pigment. When the content of the ultraviolet ray absorber is too small, the resultant light resistance is 

25 unsatisfactory and when it is too large, the resultant light resistance-enhancing effect is saturated. 

[0030] The ultraviolet ray absorber particles may be in the form of agglomerated particles which contribute to enhanc- 
ing the ink absorbing property of the ink receiving layer. The secondary particle size of the fine ultraviolet ray absorber 
can be selected within the range of 2 or less. However, to further enhance the ink absorbing property of the ink 
receiving layer and the color density of the printed images, the secondary particle size of the fine ultraviolet ray absorber 

30 is preferably in the range from 0.1 urn to 1 urn, more preferably 150 nm to 500 nm. When the particle size of the sec- 
ondary particles is too small, the resultant ink-receiving layer may exhibit an unsatisfactory film-forming property and 
thus numerous cracks may be formed in the resultant ink receiving layer. On the other hand, when the particle size of 
the secondary particles otthe ultraviolet ray absorber is too large, the resultant ink receiving layer may have a rough- 
ened surface and thus an ink jet recording material having a high gloss may not be obtained. 

35 [0031 ] The primary particles which are agglomerated with each other to form secondary particles of the ultraviolet ray 
absorber preferably have an average primary particle size of 3 nm to 100 nm, more preferably 5 nm to 50 nm. When 
the primary particle size is too small, the resultant secondary particles of the ultraviolet ray absorber may exhibit an 
insufficient ink-absorbing property, and when it is too large, the resultant ink received layer may be disadvantageous in 
that the transparency of the ink receiving layer is insufficient, and the colored images printed on the resultant ink receiv- 

40 ing layer are unsatisfactory in color density thereof. 

[0032] The mixing weight ratio of the fine secondary particles of the pigment to the secondary particles of the ultravi- 
olet ray absorber is preferably within the range from 50/1 to 2/1 , more preferably from 20/1 to 20/7. When the proportion 
of the fine pigment particle is too high, the light resistance-enhancing effect on the ink receiving layer may be insufficient 
and when it is too low, the color brightness of the resultant colored images may be unsatisfactory and the resultant ink 

45 receiving layer may exhibit an unsatisfactory transparency. The secondary particles of the ultraviolet ray absorber hav- 
ing an average particle size of 2 *im or less can be prepared by pulverizing trade ultraviolet ray absorber agglomerated 
particles (having, for example, a particle size of several micrometers) and by mechanical means in which a strong 
shearing force is applied to the particles. Namely, the afore-mentioned breaking-down method which is useful for finely 
dividing a lump-formed material may be applied. The mechanical means include the above-mentioned ultrasonic 

so homogenizers. pressure-type homogenizers, nanomizers. high speed revolution mills, roller mills, container-drived 
medium mill, medium-stirring mills, jet mills, and sand grinders. The resultant ultrafine ultraviolet ray absorber particles 
may be in the state of a colloidal solution or a slurry. 

[0033] In a preferred embodiment of the present invention, to further enhance the light resistance, the ink receiving 
layer further contains an antioxidant. There is no specific limitation to the content of the antioxidant in the ink receiving 
55 layer. Usually, the antioxidant is preferably used in an amount of 1 to 10.000 parts, preferably 1 to 1000 parts, more pref- 
erably 10 to 500 parts by weight per 100 parts by weight of the ultraviolet ray absorber. 

[0034] Namely, in an embodiment of the ink jet recording material of the present invention, one or more ink receiving 
layers are formed on a support and at least one layer of the ink receiving layers comprises fine colloid pigment particles 
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compounds. . lfte mon0Dhen olic antioxidant compounds, tor example, S. 6 ^'^- 

[0036] The phenolic antioxidant c °^ ou "f and steary.-H3.^ert-butyl-^roxyphe- 

butvl-p-cresol. butylated hydroxy anisole, 2,6-d.-tjt-butyl * «JJP 2 .. metny , ene . bis( 4-metyl-6-tert-butylphenol), 2.2- 
SKonate; bisphenolic ^^^^l^^lS^) and 4.4 -b^. i deneb te (3-methy.^- 
m et^ylene-bis(4-ethyl-6-tert-buty.phenol), .^^^ ^p.e. 1 , v3-tris(2-methy.-4-hydroxy-5-tert-b^ylphe- 
tert-butylphenol); and poly-phenolic antioxidant ~X^ohSSitane 1 .3.5-trimethy1-2,4.6-tris(3.5-d.-tert-butyl-4- 

noDbutaTe. 1.^ns(2-met^^ 
hydroxybenzy.)benzene.tetrak,s[m*^^^ 
hydroxy-3-tert-butylphenyl)butyl.c ac.d]glycol ester, i. 3,5 insi 

(1H.3H,5H)trione and tocopherols mmoounds include for example, dilauryl 3,3 -thiodipropionate, d.myr.styl 

[00371 The sulfur-containing antiox.dant compounds inciuue, 
3.3'-thiodipropionate and distearyl 3 - 3 "-* hi ^ pr °P , °^ unds include for example, tripheny. phosphite, diphenyliscdecyl 
[0038] The phosphorus-containing ^J"™?*^ <*<* c neo- 

phospU phenyldiisodecy. ^TlXns 
* pentane tetraylbis (octadecy. ^ 

25 tert-butylpheyl)octyl phosphite consideration of the compatibility with the coating 

[0039] in the ink jet recording matenal of the presert ' ^ recorded in the ink receiv.ng layer, the 
iquid for the ink receiving layer and the ..gh^^ 

phenolic compounds are preferred tor the ■ n £^!*£~S n.ade by KAWAGUCHI CHEMICAL CO., 4,4Mh,o- 
°s available, for example, under the trademark °1 ANTAGE W 500. m J Qf SUM1R1ZER wx. made by 

to the coating liquid for the ink receiving layer. water-insoluble powder or a suspens.on 

[0041] Where the antioxidant for the present £ ^J^Sily controlled to a level of 500 nm or less. To 
emulsion), the average particle siz e means, for examp,e. . breaking 
control the average particle size to 500 nm or l^ the afore antloxjdant in the ink receiv.ng layer Usu- 

rJ ray absSer and optionally example, polyvinyl alcohol 

binder preferably comprises at least ™™^£^T aicoMs and cation-modified polyvinyl alcohols, casern. 
(PVA), and derivatives thereof such as ^ ^^^J™^, for example carboxymethyl cellulose and meth- 
soybean protein, synthetic prote.os. starch, fo example . .atices of conjugated diene polymer, 

y ,ce..u.oce; and dspersions or lafces of ^^^Za'^XM^ copolymers, latices of acryl.c po y- 
for example, styrene-butadiene copolymers ^ "ethyl copolymers . which are usually employed for 

mers. and .atices of vinyl copolymers, for example^ J^jjjjf^ of two or more thereof. To obtain a 

coated paper sheets. These polymeric or between the ink receiving layers, the water- 

high bonding strength between the ink rec e.v.n ^^^^^oa degree of 2,000 or more is used as 

- ^^^^ 
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[0043] There is no specific upper limit of the polymerization degree of the PVA. 

[0044] Usually, the PVA having a polymerization, degree of about 10,000 or less can be used for the present invention, 
unless the PVA causes the resultant coating liquid to exhibit too high a viscosity. 

[0045] Preferably, in the ink receiving layer of the present invention, the binder is contained in an amount of 2 to 200 
5 parts, more preferably 5 to 100 parts, by solid weight per 100 parts by weight of the pigment. When the content of the 
binder in the ink receiving layer is too high, pores formed between the solid particles may become too small and thus 
the ink-absorbing rate of the resultant ink receiving layer may be insufficient. When the binder content is too small, the 
resultant ink receiving layer may have large cracks formed due to a poor film-forming property and may exhibit reduced 
gloss and color density of printed images. 
io [0046] For the purpose of enhancing the ink-fixing property of the ink receiving layer, a cationic compound may be 
contained in the ink receiving layer. When the ink receiving layer has a single layered structure, the single ink receiving 
layer preferably contains the cationic compound. Also, when the ink receiving layer has a multiple layered structure, the 
outermost ink receiving layer on which the ink jet printing is applied preferably contains the cationic compound. 
[0047] The cationic compounds usable for the present invention are preferably selected from cationic polymers. The 
75 cationic polymers include polyalkylenepolyamines. for example, polyethyleneamines and polypropylenepolya mines and 
derivatives thereof, acrylic polymers having tertiary amino groups and/or quaternary ammonium groups, and diacr- 
ylamines. 

[0048] There is no limitation to the amount of the cationic compound in the ink receiving layer. Usually, the cationic 
compound is preferably used in an amount of 1 to 30 parts by weight, more preferably 5 to 20 parts by weight, per 100 
20 parts by weight of the pigment. 

[0049] The ink receiving layer of the present invention optionally further contains at least one additive selected from 
dispersing agents, thickening agents, defoaming agents, coloring agents, antistatic agents and preservatives which are 
usually used for coated paper sheets. 

[0050] In a preferred embodiment of the present invention, to enhance the water resistance and the light resistance 
25 of the ink images formed on the ink receiving layer, the cationic compound is preferably selected from the group con- 
sisting of polymers of diallyldimethyl ammonium chloride, copolymers of diallyldimethyl ammonium chloride with sulfur 
dioxide and copolymers of at least one amine with at least one carboxylic acid (for example, a copolymer of diallyl amine 
with maleic acid). By using the above-mentioned types of cationic polymers, the light resistance of the printed ink 
images can be significantly enhanced, substantially without degrading the color-forming property of the ink and the 
30 water resistance. 

[0051 ] The reasons of the specific effects of the above-mentioned cationic polymers are not clear at the present time. 
However, it is assumed that the reactivity and stability of the basic segments of the cationic polymers contribute to the 
above-mentioned specific effects. The above-mentioned cationic polymers preferably have a molecular weight (MW) of 
50,000 or more, more preferably 100,000 to 400,000. When the molecular weight is too low, the resultant cationic pol- 

35 ymer may penetrate between the primary particles of the solid components and may cause a reduction in the ink- 
absorbing property of the resultant ink receiving layer. Also, when the molecular weight is too high, the cationic polymer 
causes the resultant coating liquid for the ink receiving layer to exhibit too high a viscosity and to be difficult to coat. The 
above-mentioned types of cationic polymers are preferably contained in an amount of 1 to 30 parts by weight, more 
preferably 5 to 20 parts by weight, per 100 parts by weight ol the pigment, in the ink receiving layer. When the amount 

40 of the cationic polymer is too low, the resultant ink images may exhibit an unsatisfactory water resistance-enhancing 
effect. Also, the amount of the cationic polymer is too high, the resultant ink receiving layer may exhibit unsatisfactory 
ink-absorbing rate and ink absorption capacity. 

[0052] To further enhance the water resistance, trade cationic resins other than the above-mentioned cationic poly- 
mers may be blended therewith. The cationic resins include polyalkylene-polyamines, for example, polyethyleneamine 
45 and polypropylenepolyamine, and the derivatives thereof; acrylic resins having tertiary amino groups and quaternary 
ammonium groups; diacrylamines; and other conventional cationic resins. 

[0053] The ink receiving layer of the present invention may consist of the specific ink receiving layer as mentioned 
above alone. However, to further enhance the ink-absorbing property, the ink receiving layer preferably comprises one 
or more additional ink receiving layer in addition to the specific ink receiving layer which will be referred to as a principal 
so ink receiving layer hereinafter. When two or more ink receiving layers are formed on the support, at least one of them 
is the principal ink receiving layer comprising the specific fine colloid pigment particles and the ultraviolet ray absorber, 
and preferably is arranged to form an outermost layer to which the ink jet printing is applied. 

[0054] The additional ink receiving layer comprises a pigment which may comprise at least one member selected from 
the above-mentioned specific amorphous silica and/or alumina silicate and/or other trade pigments. Also, the additional 
55 ink receiving layer may contain the cationic compound. 

[0055] There is no limitation to the amount of the ink receiving layer. When the ink receiving layer consists of a single 
principal ink receiving layer, usually the ink receiving layer is preferably formed in an amount of 3 to 60 g/m 2 , more pref- 
erably 10 to 50 g/m 2 . When the ink receiving layer has a multiple layered structure, the principal ink receiving layer con- 
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laver amount is too high, the light resistance effect may be saturated. 

a^P^CS^an. » PO-y^e. film. and « mat* d, m having a Ngh sn^thness surface a,a 

(J.sTb^1)To.5 M m or less, more preferably 0.05 Mm or less. However, the casfng surface may be a sem.-g.oss 

Ker a^ ttsu^Z or another ink receiving layer is higher than that between the cast.ng surface and the .nk 
rSXSrformed on the casting surface, the casting surface may be coated with a re.eas.ng compound, for exam- 

™r^^^^ advantageously, the intermediate layer is utilized as an additional ink rece.v.ng layer. Namely. 

* he additional ink receding layer and brought, in wetted condifon. .nto contact w.th the cast- 
coated tever to bond them with each other, and then the bonded layers are dried. . arnnu . n 
Xe nk receiving layers and the intermediate layer of the present invention can be formed by us,ng aconven- 
5c J'ng devfce forexample. die coater Wade coater. air knife coater. roll coater. bar coate, gravure coater. rod 

s e 3 r The uSSS^ss^ matefiai ° f the present invention comprises ' as ^T^r:' 

J! I^ohnTmSa for forming colored images and a liquid medium for dissolving or disperse the colonng 
TtenS ar^ as an o^ona. component, an additive comprising at least one member selected from d.spersmg agents 

distance modifiers. pH-mod«ied, mi.dewproof.ng agents, and d.sso.ut-on or 

ertesfo°the ink. .n the ink applicable to the ink jet recording material of the present .nvenfon, the content of the co.or.ng 
ic nrrferablv 0 1 to 2% by weight which is similar to that of conventional inks. 

amldS to. sample ^ dimethylformamides; ethers, for example, tetrahydrofuran; and lower alky.ethers ol poiyhydnc 



50 

[0065] 

55 



8 



3NSDOCID <EP 090324SA2 J.> 



EP 0 903 246 A2 

alcohols, for example, glycerol, ethyleneglycol methyl ether, diethyleneglycol methyl (or ethyl) ether, tri ethyl eneglycol 
monomethylether. 

EXAMPLES 

5 

[0066] The present invention will be further explained by the following examples which are merely representative and 
do not restrict the scope of the present invention in any way. 

[0067] In the examples and comparative examples the term "part" and are -part by dry solid weight- and --% by 
dry solid weight, respectively, unless specifically shown otherwise. 
w [0068] Note: The primary particle size of the pigment particles does not change by pulverize-dispersing. 

[0069] In Examples 1-1 to 1-1 1 and Comparative Examples 1-1 to 7, the following pigment particle sols were prepared 
and employed. 

(1) Preparation of pigment sols 

15 

SiliQa spl Al 

[0070] Synthetic amorphous silica particles (trademark: NIPSIL HD-2, made by NIPPON SILICA INDUSTRIAL CO., 
LTD.) having an average secondary particle size of 3 ^im and an average primary particle size of 1 1 nm were pulverize- 
rs dispersed by a sand grinder and then further pufverize-dispersed by a pressure-type homogenizer. The pulverize-dis- 
persing procedures by the sand grinder and the pressure-type homogenizer were alternately repeated until the average 
secondary particle size of the amorphous silica particles reached 60 nm, to prepare an amorphous silica sol Al having 
a dry solid content of 7%. 

25 Silica sol Bl 

[0071] Synthetic amorphous silica particles (trademark: NIPSIL LP, made by NIPPON SILICA INDUSTRIAL CO.. 
LTD.) having an average secondary particle size of 3 ^m and an average primary particle size of 16 nm were pulverize- 
dispersed by a sand grinder and then further pulverize-dispersed by a pressure-type homogenizer. The pulverize-dis- 
persing procedures by the sand grinder and the pressure-type homogenizer were alternately repeated until the average 
secondary particle size of the amorphous silica particles reached 1 00 nm, to prepare an amorphous silica sol Bl having 
a dry solid content of 9%. 

Silica spl Ql 

[0072] Synthetic amorphous silica particles (trademark. NIPSIL E-101 1, made by NIPPON SILICA INDUSTRIAL CO., 
LTD.) having an average secondary particle size of 1 .5 urn and an average primary particle size of 24 nm were pulver- 
ize-dispersed by a sand grinder and then further pulverize-dispersed by a pressure-type homogenizer. The pulverize- 
dispersing procedures by the sand grinder and the pressure-type homogenizer were alternately repeated until the aver- 
age secondary particle size of the amorphous silica particles reached 200 nm, to prepare an amorphous silica sol CI 
having a dry solid content of 12%. 

Silica sol PI 

45 [0073] Synthetic amorphous silica particles (trademark: NIPSIL E-101 1 , made by NIPPON SILICA INDUSTRIAL CO., 
LTD.) having an average secondary particle size of 1 .5 jam and an average primary particle size of 24 nm were pulver- 
ize-dispersed by a sand grinder and then further pulverize-dispersed by a pressure-type homogenizer. The pulverize- 
dispersing procedures by the sand grinder and the pressure-type homogenizer were alternately repeated until the aver- 
age secondary particle size of the amorphous silica particles reached 350 nm, to prepare an amorphous silica sol Dl 

so having a dry solid content of 12%. 

Alumina silicate ro! I 

[0074] Isopropyl alcohol in an amount of 1 0Og was placed in a glass reactor having a capacity of 2 liters and equipped 
55 with a stirrer, having a diameter of 3 cm and comprising three stirring rings, and a thermometer, and heated to a liquid 
temperature of 60°C by using an oil bath heater. While the stirrer was rotated at a rotation speed of 100 rpm to agitate 
the liquid in the reactor. 5g of aluminum isopropoxide (made by WAKO PURE CHEMICAL INDUSTRIES. LTD.) were 
added, and then 1g of an acid catalyst consisting of acetic acid (made by WAKO PURE CHEMICAL INDUSTRIES, 
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LTO^sfurtheraddedto^ 

perature 60^C. and 1 .8g ethy. orlhoslHca te INDUSTRIES, LTD.) was added 
Si The ethy. orthosi.icate-nitric 

EJ acid-tepropyl a.coho. solution and Mho m,xtu = £ y evaporatio n at a temperature of 

pare fine particles of alumina s,hcate. Then he react ™ ™*^ e the ^p^ion molar ratio of alu- 

60»C. to prov,de agglomerated partc.es c* alummar ^Jnt* ^ ^ ^ repeate(j pul ng and 
mina to silica was 3 :2. The agglomerated parties ^ e " ^ure-type ^ogenizer until the average secondary par- 

Htenersina procedures with a sand grinder and then with a pressure-iy^ -a 

Example M 

l0078J AT^ueouscc^ng,^ 

ay absorber consisting of 2(2'^™*^ by KURARAY CO.. LTD.) having a 

SHI CALCIUM CO.) and 35 parts of polyvinyl alcohol (trademark^PVA ^351 h. ma 

polymerization degree of 3500 and a «*«f^"Xw^ by OJI PAPER CO.. LTD.) having a basis 
S fSTjZ- ^aTwK^f SS°- — » - ink reeling ,ayer with a dry 

SS ^An 0 inktet recording materia, of the present invention was obtained. 

Exarnpie_L£ 

,0081] An^ueouscoating,^ 

esfn consisting of a copo.ymer of diallyldimethy. mixture by a pressure-type 

N.TTO BOSEK. CO.. LTD.); coagulating and ^^^^^^ 100 nm; and then mixing the resuK- 
homogenizer to an exient such that me average ^ 

ant cationic resin-containing s,..ca so. wrth 3 _pa* °*™ f™™* H ^ CALC ,UM CO.) and 20 parts of polyvinyl 
f ication degree of 99% or more. , trade mark- OK COAT, made by OJI PAPER CO.. LTD.) having a basis 

IS "« Sf« reccing »,ena, c, « pres.,, invent was opined. 



40 



45 



Fxam ple 1-3 



Exam ple 1-4 
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SHIRAISHI CALCIUM CO.) was employed. 
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K.K.) was employed. 
Example 1-6 

£ [0087] An ink jet recording material of the present invention was produced by the same procedures as in Example I- 
2, except that the silica sol Al was replaced by the silica sol Bl. 

Example 1-7 

io [0088] An ink jet recording material of the present invention was produced by the same procedures as in Example I- 
2, except that the silica sol Al was replaced by the silica sol CI. 

Example 1-8 

is [0089] An ink jet recording material of the present invention was produced by the same procedures as in Example I- 
2, except that the silica sol Al was replaced by the alumina silica sol I. 

Example 1-9 

20 [0090] An 8% aqueous coating liquid was prepared by mixing 100 parts of the silica sol Al with 15 parts of titanium 
dioxide (trademark: ST-440, made by TITAN KOGYO K.K.) having a particle size of 30 to 50 nm, as an ultraviolet ray 
absorber, 15 parts of a cationic resin consisting of a copolymer of diallyldimethyl ammonium chloride with acrylamide 
(trademark: PAS-J-81, made by NITTO BOSEKI CO., LTD.); coagulating and thickening the mixture; pulverize-dispers- 
ing the mixture by a pressure-type homogenizer to an extent such that the average particle size of the mixture reached 

25 150 nm; and then mixing the resultant sol 20 parts of the same polyvinyl alcohol as mentioned in Example 1-1 . 

[0091 ] A surface of the same trade coated paper sheet as in Example 1-1 was coated with the aqueous coating liquid 
and dried to form an ink receiving layer having a dry weight of 20 g/m 2 . 
[0092] An ink jet recording material of the present invention was obtained. 

30 Example 1-10 

[0093] An 8% aqueous coating liquid was prepared by mixing 1 00 parts of the silica sol Al with 1 5 parts of a cationic 
resin consisting of a copolymer of diallyldimethyl ammonium chloride with acrylamide (trademark: PAS-J-81, made by 
NITTO BOSEKI CO., LTD.); coagulating and thickening the mixture; pulverize-dispersing the mixture by a pressure-type 
35 homogenizer to an extent such that the average particle size of the mixture reached 1 00 nm; and then mixing the result- 
ant cationic resin-containing silica sol with 10 parts of an ultraviolet ray absorber consisting of cerium oxide having a 
particle size of 8 nm (trademark: NEEDRAL LM5. made by TAKI CHEMICAL CO., LTD.) and 20 parts of the same pol- 
yvinyl alcohol as an Example 1-1 . 

[0094] A surface of the same trade coated paper sheet as in Example 1-1 was coated with the aqueous coating liquid 
40 and dried to form an ink receiving layer having a dry weight of 20 g/m 2 . 

[0095] An ink jet recording material of the present invention was obtained. 

Example 1-11 

45 [0096] The same aqueous coating liquid as in Example I-2 was coated on a surface of a casting film consisting of a 
PET film having a thickness of 50 urn (trademark: LUMJLER T, made by TORAY INDUSTRIES INC.) and dried to form 
a cast-coated layer corresponding to an outermost ink receiving layer and having a dry weight of 15 g/m 2 . 
[0097] A 10% aqueous coating liquid for an additional ink receiving layer was prepared by mixing 100 parts of the 
silica sol CI with 25 parts of the same polyvinyl alcohol as in Example 1-1 . The resultant coating liquid was coated on a 

so surface of a trade woodfree paper sheet having a basis weight of 127.9 g/m 2 to form an additional ink receiving layer 
having a weight corresponding to a dry weight of 10 g/m 2 . 

[0098] The additional ink receiving layer on the support sheet was superposed on and bonded to the cast-coated layer 
on the casting PET film, dried, and then the PET film was removed from the cast-coated layer. 
[0099] An ink jet recording material of the present invention was obtained. 



55 



Comparative Example 1-1 

[0100] An aqueous coating liquid having a total solid content of 7% was prepared by mixing 100 parts of the silica sol 
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10 



15 



, u pva 135H made by KURARAY CO., LTD.) having a polymerization 
Al with 35 parts of polyvinyl alcohol (trademark. PVA-135H, made oy 

degree of 3500 and a saponification degree of 99% » (trademark: OK COAT, 

ii&sssi. « i« *-*» - ° bBined 

CgnoBarativeE xample I-2 

I01 03, An agueous coating ,i q uid having a total solid 

SSU 3 pirts of 2-( 2 -ny^oxV o 5-m^hy.phe^ pVA . 135H , ^ by KURA- 

m ade by SH.RA.SH. CALCIUM CO ^^^^^ M ^egree of 99% or more. 

BAY CO.. LTD.) having a polymer.zat.on degree £ 3500 ana a p sheet (trademark: OK COAT 

A°com^e ink je t receding materia, was obtained. 



P.nm parati "'* Sample L3 



20 



25 



i ^ompciin""'- ■ — — ^ 

Sr« ^ « «j — -JSSSS ^'U paper M C— OK COAT. 



com parative ExampleM 



[01 09, Anagueouscoatingli^^ 
silica trademark: FINESIL 45, made by ^^ A ^2SS^iLS(ln^emarte SEESORB-7 01 . made 
aSaviolet ray absorber consisting o, ™ de » KURARAY CO LTD1 

by SHIRAISHI CALCIUM CO.) and 30 P^^^*££ J " Trade coated paper sheet (trademark. OK COAT 

^compaSL ink jet recording materia, was obtained. 

40 r.nmparative Fxample L5 

W A^^-m^ W ^<-^^.^«^°° RP '-^ 
to the tests which will be illustrated later. 

45 re parative Fxample »-6 

jected to the tests which will be illustrated later. 
so r^m parative Example I -7 

, ^ ., punm JET PAPER-GLOSS SHEET KJPA4-GH20. made 
F01141 A trade ink jet recording paper sheet (trademark PHOTO JET PAPE R-ta 
by KONIKA CO.) was subjected to the tests which w,« be .l.ustrated .ater. 

55 ExajT3B!e_M2 . 
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were replaced by 10 parts of the ultraviolet ray-absorbing sol prepared by the following procedures. 
Preparation of ultraviolet ray-absorbing sol 

5 [011 6] A cerium oxide sol (trademark: W-10, made by TAKI CHEMICAL CO., LTD., anion) containing no agglomerated 
particles and having a primary particle size of about 5 nm and in an amount of 100 parts was mixed with 100 parts of 
a cerium oxide sol (trademark: NEEDRAL U-15, made by TAKI CHEMICAL CO., LTD., cation) containing no agglomer- 
ated particles and having a primary particle size of about 5 nm, to form a coagulation. The coagulation was pulverize- 
dispersed by a sand grinder, and further pulverize-dispersed with a pressure-type homogenizer. The pulverize-dispers- 

io ing operation was repeated by alternately using the sand grinder and the pressure-type homogenizer until the average 
secondary particle size reached 0.4 urn. A 10% cerium oxide dispersion was obtained. The pulverize<lispersing oper- 
ations did not result in change in the primary particle size. 

Example 1-13 

15 

[01 17] An ink jet recording material of the present invention was produced by the same procedures as in Example I- 
2, except that the cationic resin (trademark: PAS-J-81) used in Example I-2 was replaced by a diallyldimethyl ammo- 
nium chloride-sulfur dioxide copolymer (trademark: PAS-A-5, made by NITTO BOSEKI CO., LTD.). 

20 Example 1-14 



25 



[0118] An ink jet recording material of the present invention was produced by the same procedures as in Example I- 
2, except that the cationic resin (trademark: PAS-J-81) used in Example I-2 was replaced by a diallylamine-maleic acid 
copolymer (trademark: PAS-410, made by NITTO BOSEKI CO., LTD.) of the following formula: 



30 



-CH 2 -CH CH-CH 



(!:h 2 hu 2 

H 



— ' m 



-CH 



-CH- 



OOH 



i 



OOH 



n 



35 wherein a molar ratio m:n is 1:1. 
TESTS 

[0119] The ink jet recording materials prepared in the above-mentioned examples and comparative examples were 
40 subjected to testing of water resistance of coated layer, water resistance of printed ink images, ink-absorbing property 
and gloss, color density and light resistance of printed ink images, by the testing methods shown below 
[0120] Note: 

(1) The printer used for the testing was a Printer PM-700C (trademark) made by EPSON CORP. 
45 (2) In the testings for the gloss, color density and light resistance of printed ink images, a solid print prepared by 

the above-mentioned printer was used. 

(A) Water resistance of coated layer 

so [0121] A sample of an ink jet recording material was immersed in water at a temperature of 20°C for one hour, then 
the recording surface of the recording material in wetted condition was rubbed by finger. The result was evaluated as 
follows. 



55 



Class 


Rubbing result 


3 


No damage occurs on the coated layer. 
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(continued) 



Class 
2 
1 



Rubbing result 



A portion of the coated layer is removed. 
The coated layer was completely removed. 



(B) Water resistance of printed ink images 



75 



20 



25 



Class 



3 
2 
1 



Water dropping result 



Substantially no removal of ink images is found. 
A portion of ink images is removed. 
The ink images are completely removed. 



30 



(C) Ink absorbing property 

each «• totam Mack-cowed images "ISS „„B™i^««»rll»«« transfer to «» paper sheet. The 
psa. sheet was press^xaaclad with the W***^™* 2nS£ "en .he compWicn d the priming calicos 

The test result was evaluated as follows. 
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40 



Class 



3 
2 
1 



Ink image-drying time 



15 seconds or less 

More than 1 5 seconds and less than 60 seconds 
60 second or more 



(D) Gloss of printed ink images 



so 



55 




4 

3 

2 
1 



■me ink image glnaa la similar to that or, a silver sail We outer photograph, 
on conventional coated or art paper sheet. 

The ink image gloss is simi.ar to that on conventional coated or art paper sheet. 
The ink image gloss is very low. 
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(E) Color density of printed ink images 

[0125] A ink jet recording sheet was solid printed with a black-colored ink, and the colored density of the solid printed 
images was measured by a Macbeth refraction color density meter (RD-920). The measurement was repeated five 
5 times, and the measurement results were averaged. The averaged data were shown in Table 1 . 

(F) Light resistance 

[0126] The printed sample was subjected to a continuous fading test using a Xenon lamp type FADEOMETER (made 
io by ATLAS ELECTRIC DEVICES CO., Model: CI 35F) at a temperature of 63*C at a relative humidity of 50% for 72 hours 
in accordance with JIS B 7754 (1991). The color densities of the printed images before and after the fading test were 
measured. The light resistance of the printed images were represented by a fading rate calculated in accordance with 
the following equation. 



Fading rate (%) = — 5_ — 1 x 100 
u o 

wherein D 0 represents a color density of the unfaded colored images, D, represents a color density of the faded colored 

20 images. 

[0127] Note, the higher the fading rate, the lower the light resistance. 
[0128] The test results are shown in Table 1 . 
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[0130] In Examples to 11-8 and Comparative Examples 11-1 to II-6, the following pigment particle sols were pre- 
pared and employed. 

(1) Preparation of pigment sols 
Silica sol All 



[0131] Synthetic amorphous silica particles (trademark: NIPSIL HD-2, made by NIPPON SILICA INDUSTRIAL CO., 
LTD.) having an average secondary particle size of 3 urn and an average primary particle size of 11 nm were pulverize- 
dispersed by a sand grinder and then further pulverize-dispersed by a pressure-type homogenizer. The pulverize-dis- 
persing procedures by the sand grinder and the pressure-type homogenizer were alternately repeated until the average 
secondary particle size of the amorphous silica particles reached 75 nm, to prepare an amorphous silica sol All having 
a dry solid content of 7%. 



15 Silica sol Bit 



[0132] Synthetic amorphous silica particles (trademark: NIPSIL E-101 1, made by NIPPON SILICA INDUSTRIAL CO., 
LTD.) having an average secondary particle size of 1 .5 urn and an average primary particle size of 24 nm were pulver- 
ize-dispersed by a sand grinder and then further pulverize-dispersed by a pressure-type homogenizer. The pulverize- 
dispersing procedures by the sand grinder and the pressure-type homogenizer were alternately repeated until the aver- 
age secondary particle size of the amorphous silica particles reached 200 nm, to prepare an amorphous silica sol Bll 
having a dry solid content of 12%. 



Silica sol CI I 

25 

[0133] Synthetic amorphous silica particles (trademark: NIPSIL E-101 1 , made by NIPPON SILICA INDUSTRIAL CO.. 
LTD.) having an average secondary particle size of 1 .5 urn and an average primary particle size of 24 nm were pulver- 
ize-dispersed by a sand grinder and then further pulverize-dispersed by a pressure-type homogenizer. The pulverize- 
dispersing procedures by the sand grinder and the pressure-type homogenizer were alternately repeated until the aver- 
se? age secondary particle size of the amorphous silica particles reached 350 nm, to prepare an amorphous silica sol Cll 
having a dry solid content of 12%. 



Alumina silicate sol II 



35 [01 34] Alumina silicate sol II was prepared by the same procedures as the alumina silicate sol I. 



Example [M 



[0135] An aqueous coating liquid having a total solid content of 7% was prepared by mixing 100 parts of the silica sol 
All with 3 parts of an ultraviolet ray absorber consisting 2(2 -hydroxy-5-methylphenyl)benzotriazole (trademark: SEE- 
SORB 701, made by SHIRAISHI CALCIUM CO.). 3 parts of an antioxidant consisting of 2,2*-methylene-bis(4-ethyl-6- 
tert-butylphenol) (trademark: ANTAGE W-500, made by KAWAGUCHI CHEMICAL CO.) and 35 parts of polyvinyl alco- 
hol (trademark: PVA-135H, made by KURARAY CO., LTD.) having a polymerization degree of 3500 and a saponifica- 
tion degree of 99% or more. 

[0136] A surface of a trade coated paper sheet (trademark: OK COAT, made by OJI PAPER CO., LTD.) having a basis 
weight of 127.9 g/m 2 was coated with the aqueous coating liquid and dried to form an ink receiving layer with a dry 
weight of 20 g/m 2 . 

[0137] An ink jet recording material of the present invention was obtained. 



so Example H-2 

[01 38] An aqueous coating liquid having a total solid content of 8% was prepared by mixing 1 00 parts of the silica sol 
All with 15 parts of a cationic resin consisting of a copolymer of diallyldimethyl ammonium chloride with acrylamide 
(trademark: PAS-J-81. made by NITTO BOSEKI CO., LTD.); coagulating and thickening the mixture; pulverize-dispers- 
55 ing the mixture by a pressure-type homogenizer to an extent such that the average particle size of the mixture reached 
100 nm; and then mixing the resultant cationic resin-containing silica sol with 3 parts of an ultraviolet ray absorber con- 
sisting of 2-(2-hydroxy-5'-methylphenyl)benzotriazole (trademark: SEESORB 701, made by SHIRAISHI CALCIUM 
CO.), 3 parts of an antioxidant consisting of 2,2*-methylene-bis(4-ethyl-6-tert-butylphenol) (trademark: ANTAGE W-500, 
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CO.. LTD.) having a polymenzaton degree of 3500 anc i a , P pAp£R cQ ^ havflng , bass 

1SS3 m» -«» - " 1 inve, *°" 

Fvample 11-3 

SUMITOMO CHEMICAL CO. LTD.) was employed. 
FYample 11-4 

made by AS AH I DENKA KOGYO K.K.) was employed. 
so Fvamole 11-5 

CHEMICAL CO.. LTD.) was employed. 

25 

Pvample 11-6 _ . „ 

Tree! that M Silica sol Ail »as .placed by » si.ca sol Bll. 
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t-xampie iri 

Exam ple 11-8 . 

Sic, sol B.. with 25 pans ol pc*** ™a .esu'lan, coa.ng ».s coa« on a ^ 

rnmparative Fvamole H-1 ^ 
,0150, Anapueouscoat.ngl^ha^ 

All witt. 35 parts of polyvinyl alcohol (trademark. PVA-135H. made Dy 

toee of 3500 and a saponification degree of 99% or mora (trademark: OK COAT, 

dry weight of 20 g/m 2 . 
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[0152] A comparative ink jet recording material was obtained. 
Comparative Example II-2 

[0153] An aqueous coating liquid having a total solid content of 10% was prepared by mixing 100 parts of the silica 
sol Cll with 3 parts of an ultraviolet ray absorber consisting of 2-(2 , -hydroxy-5'-methylphenyl)benzotiazole (trademark: 
SEESORB 701 . made by SHIRAISHI CALCIUM CO.), 3 parts of an antioxidant consisting of 2,2-methylene-bis(4-ethyl- 
6-tert-butylphenol) (trademark: ANTAGE W-500, made by KAWAGUCHI CHEMICAL CO.) and 35 parts of polyvinyl 
alcohol (trademark: PVA-135H, made by KURARAY CO., LTD.) having a polymerization degree of 3500 and a saponi- 
10 f ication degree of 99% or more. 

[0154] The aqueous coating liquid was coated on a surface of a trade coated paper sheet (trademark: OK COAT, 
made by OJI PAPER CO., LTD.) having a basis weight of 127.9 g/m 2 and dried to form an ink receiving layer having a 
dry weight of 20 g/m 2 . 

[0155] A comparative ink jet recording material was obtained. 

15 

Comparative Example II-3 

[01 56] An aqueous coating liquid having a total solid content of 1 0% was prepared by mixing 1 00 parts of amorphous 
silica (trademark: FINESIL 45, made by TO KU YAM A CORP.) having an average particle size of 4.5 M m with 3 parts of 
20 an ultraviolet ray absorber consisting of 2-(2 , -hydroxy-5 , -methylphenyl)benzotriazole (trademark: SEESORB 701 . made 
by SHIRAISHI CALCIUM CO.), 3 parts of an antioxidant consisting of 2,2-mBthylene-bis(4>ethyl-6-tert-butylphenol) 
(trademark: ANTAGE W-500, made by KAWAGUCHI CHEMICAL CO.) and 30 parts of silyl-modrfied polyvinyl alcohol 
(trademark: R-t 130, made by KURARAY CO., LTD.). 

[0157] The aqueous coating liquid was coated on a surface of a trade coated paper sheet (trademark: OK COAT, 
25 made by OJI PAPER CO., LTD.) having a basis weight of 127.9 g/m 2 and dried to form an ink receiving layer having a 
dry weight of 20 g/m 2 . 

[0158] A comparative ink jet recording material was obtained. 
Comparative Example H-4 

30 

[0159] A trade non-gloss-type ink jet recording paper sheet, namely a mat paper sheet (trademark: MJA4SP1 , made 
by EPSON CORP.) was subjected to the tests which will be described later. 

Comparative Example II-5 

35 

[0160] A trade gloss ink jet recording paper sheet (trademark: GP-101, made by CANON CORP.) was subjected to 
the tests which will be described later. 

Comparative Example 11-6 

40 

[0161] Atrade gloss ink jet recording paper sheet (trademark: PHOTO JET PAPER-GLOSS SHEET KJPA 4-GH20, 
made by KONIKA CO.) was subjected to the tests which will be described below. 

TESTS 

45 

[0162] The ink jet recording materials prepared in the above-mentioned examples and comparative examples were 
subjected to testing of water resistance of coated layer, water resistance of printed ink images, ink-absorbing property 
and gloss, color density and light resistance of printed ink images, by the testing methods shown below. 
[0163] Note: 

so 

(1) The printer used for the testing was a Printer PM-700C (trademark) made by EPSON CORP. 

(2) In the testings for the gloss, color density and light resistance of printed ink images, a solid print prepared by 
the above-mentioned printer was used. 

55 (A) Water resistance of coated layer 

[0164] A sample of an ink jet recording material was immersed in water at a temperature of 20°C for one hour, then 
the recording surface of the recording material in wetted condition was rubbed by finger. The result was evaluated as 
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Class 



3 
2 
1 



Rubbing result 



No damage occurs on the coated layer. 
A portion off the coated layer is removed. 
The coated layer was completely removed. 



(B) Water resistance of printed ink images 



20 



25 



Class 



3 
2 
1 



Water dropping result 



Substantially no removal of ink images is found. 
The ink images are partially removed. 
The ink images are completely removed. 



(C) Ink absorbing property 

Spe, M -as presto*,** «* ZZL*W »» '""P 1 *" <* *" <^ 

The test result was evaluated as follows. 
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Ink image-drying time 



15 seconds or less 

More than 15 seconds and less than 60 seconds 
60 second or more 



45 (D) Gloss of printed ink images 
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Class 



4 

3 



=2SS=Sr 

on conventional coated or art paper sheet. 

inK image g.oss is simiiar to tnat^nvent^^ 
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(continued) 



Class 



Gloss 



1 The ink image gloss is very low. 



(E) Color density of printed ink images 

[01 68] An ink jet recording sheet was solid printed with a black-colored ink, and the colored density of the solid printed 
images was measured by a Macbeth refraction color density meter (RD-920). The measurement was repeated five 
w times, and the measurement results were averaged. The averaged data were shown in Table 1. 

(F) Light resistance 

[01 69] The printed sample was subjected to a continuous fading test using a Xenon lamp type FADEOMETER (made 
is by ATLAS ELECTRIC DEVICES CO.. Model: CI 35F) at a temperature of 63°C at a relative humidity of 50% for 72 hours 
in accordance with JIS B 7754 (1991). The color densities of the printed sample before and after the fading test were 
measured. The light resistance of the printed images were represented by a fading rate calculated in accordance with 
the following equation. 



wherein D 0 represents a color density of the unfaded colored images, represents a color density of the faded colored 
25 images. 

[0170] Note, the higher the fading rate, the lower the light resistance. 
[01 71 ] The test results are shown in Table 2. 
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- . „ ^^rHonrp with the present invention exhibited 

and a superior light resistance. 
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Claims 

1. An ink jet recording material comprising a support and a one or more ink-receiving layers formed on the support, 
wherein at least one of the ink receiving layers comprises: 

5 

(1) fine colloid pigment particles selected from fine colloid amorphous silica secondary particles and fine col- 
loid alumina silicate secondary particles having an average secondary particle size of 10 to 300 nm and each 
consisting essentially of a plurality of primary particles having an average primary particle size of 3 to 40 nm 
and agglomerated with each other; and 
10 (2) an ultraviolet ray-absorber. 

2. The ink jet recording material as claimed in claim 1 , wherein the at least one ink receiving layer comprising the fine 
colloid pigment particles and the ultraviolet ray absorber further comprises an antioxidant. 

is 3. The ink jet recording material as claimed in claim 1 or 2, wherein at least one of the ink receiving layers comprises 
a cationic compound. 

4. The ink jet recording material as claimed in claim 3, wherein the cationic compound is selected from the group con- 
sisting of polymers of diallyldimethyl ammonium chloride, copolymers of diallyldimethyl ammonium chloride with 

20 sulfur dioxide and copolymers of at least one amine with at least one carboxylic acid. 

5. The ink jet recording materia! as claimed in claim 1 or 2, wherein the ultraviolet ray-absorber comprises at least one 
member selected from ultraviolet ray-absorbing benzotriazole compounds. 

25 6. The ink jet recording material as claimed in claim 1 or 2, wherein the ultraviolet ray-absorber comprises at least one 
inorganic metal oxide selected from the group consisting of zinc oxide, titanium dioxide, yttrium oxide and cerium 
oxide. 

7. The ink jet recording material as claimed in claims 1 , 2, 5 or 6, wherein the ultraviolet ray absorber is in the form of 
30 fine particles having an average particle size of 500 nm or less. 

8. The ink jet recording material as claimed in claim 1 , 2, 5 or 6, wherein the ultraviolet ray absorber is in the form of 
secondary particles having an average secondary particles of 2 or less and each consisting essentially^ a plu- 
rality of primary particles having an average primary particle size of 3 to 100 nm and agglomerated with each other 

35 

9. The ink jet recording material as claimed in claim 2, wherein the antioxidant comprises at least one member 
selected from antioxidant phenolic compounds. 

10. The ink jet recording material as claimed in claim 2, wherein the antioxidant comprises at least one member 
40 selected from the group consisting of 2,2 -methylene-bis(4-ethyl-6-tert-butylphenol), 4,4'-thiobis(3«methyl-6-tert- 

butylphenol), 1.1,3-tris-(2-methyl-4-hydroxy-5-tert-butylphenyl)butane, and 1,1,3-tris(2-methyl-4-hydroxy-5- 
cyclohexylphenyl)butane. 

1 1 . The ink jet recording material as claimed in claim 1 , 2 or 3, wherein the ink receiving layer containing the fine colloid 
45 pigment particles and the ultraviolet ray absorber forms an outermost layer to which an ink jet printing is applied, 

and at least one additional ink receiving layer is formed between the outermost ink receiving layer and the support. 

12. The ink jet recording material as claimed in claim 1 , wherein the at least one ink receiving layer is formed by coating 
a casting surface with a at least one coating layer corresponding to the ink receiving layer; transferring and bonding 

so the cast-coated layer on the casting surface to a surface of the support; and removing the casting surface from the 
transferred cast-coated layer. 

1 3. The ink jet recording material as claimed in claim 12, wherein the at least one ink receiving layer is formed by coat- 
ing a casting surface with at least one coating layer corresponding to the ink receiving layer; transferring and bond- 

55 ing the cast-coated layer to a surface of an additional ink receiving layer directly formed on the support; and 
removing the casting surface from the transferred cast-coated layer. 

14. The ink jet recording material as claimed in claim 1 , wherein the fine colloid pigment particles are fine colloid amor- 
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phous silica particles, 
oxide. 
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(54) Ink-jet recording material containing ultraviolet ray-absorber 

(57) An ink jet recording material having an excel- 
lent ink absorbing property and capable of recording ink 
images with superior gloss, water resistance and light 
resistance has an outermost ink receiving layer formed 
on a support and containing (1) fine pigment particles 
selected from amorphous silica secondary particles and 
alumina silicate secondary particles which have an 
average secondary particle size of 10 to 300 nm and in 
each of which a plurality of primary particles having an 
average primary particle size of 3 to 40 nm are agglom- 
erated with each other, (2) an ultraviolet ray absorber 
and, optionally, (3) an antioxidant. 
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